Abstract Very few studies have investigated the effects or costs of rehabilitation regimens following lumbar spinal fusion. The effectiveness of in-hospital rehabilitation regimens has substantial impact on patients' demands in the primary health care sector. The aim of this study was to investigate patientarticulated demands to the primary health care sector following lumbar spinal fusion and three different inhospital rehabilitation regimens in a prospective, randomized study with a 2-year follow-up. Ninety patients were randomized 3 months post lumbar spinal fusion to either a 'video' group (one-time oral instruction by a physiotherapist and patients were then issued a video for home exercise), or a 'cafe´' group (video regimen with the addition of three cafe´meetings with other fusion-operated patients) or a 'training' group (exercise therapy; physiotherapist-guided; two times a week for 8 weeks). Register data of service utilization in the primary health care sector were collected from the time of randomization through 24 months postsurgery. Costs of in-hospital protocols were estimated and the service utilization in the primary health care sector and its cost were analyzed. A significant difference (P=0.023) in number of contacts was found among groups at 2-year follow-up. Within the periods of 3-6 months and 7-12 months postoperatively, the experimental groups required less than half the amount of care within the primary health care sector as compared to the video group (P=0.001 and P=0.008). The incremental costs of the cafe´regimen respectively, the training regimen were compensated by cost savings in the primary health care sector, at ratios of 4.70 (95% CI 4.64; 4.77) and 1.70 (95% CI 1.68; 1.72). This study concludes that a low-cost biopsychosocial rehabilitation regimen significantly reduces service utilization in the primary health care sector as compared to the usual regimen and a training exercise regimen. The results stress the importance of a cognitive element of coping in a rehabilitation program.
rehabilitation program is unclear and needs investigation. In a recent study, we found a significantly improved outcome in patients randomized to a low-cost rehabilitation protocol which incorporates a behavioral element of coping strategies in comparison to patients randomized to the video instruction or repetitive exercise therapy after lumbar spinal fusion [3] . A crucial issue is whether this outcome demonstrated by the low-cost regimen is at the expense of an increased incidence of contacts in the primary health care sector.
The aim of the present study is to investigate patients' demands to the primary health care sector via the evaluation of three in-hospital rehabilitation programs. We hypothesize that a comprehensive in-hospital rehabilitation regimen provides cost savings within the primary health care sector, which exceed the incremental cost of providing such a regimen.
Materials and methods

Subjects and design
One hundred and fifteen patients who had undergone lumbar spinal fusion were invited to participate in the study. Figure 1 illustrates the flow of participants. Upon informed consent, 90 patients were included for randomization to the three rehabilitation therapy protocols via sealed envelopes. Eligibility criteria comprised preoperative, severe and chronic (persistent through 2 years) low back pain (LBP) due to localized lumbar or lumbosacral segmental instability, treated surgically by circumferential (33 patients) or posterolateral (57 patients) spinal fusion. Exclusion criteria were age outside the range of 20-65 years, one or more co-morbidities such as metabolic bone disease (including osteoporosis), clinical signs of nerve root compression postoperatively Aarhus, 1996 Aarhus, -2002 (at the time of randomization), psychosocial instability or residence outside the county. Indication for fusion was determined on the basis of symptomatic history, multiple clinical and neurologic examinations, psychosocial status (assessed qualitatively by the surgeon), plain radiography, and supplementary CT/myelography and/or MRI. Diagnoses were isthmic spondylolisthesis (32 patients), primary degeneration (31 patients) and degeneration secondary to prior fusion or accelerating degeneration after decompressive surgery (27 patients). Surgeries were performed from August 1996 to May 1999 with clinical follow-up of 3, 6, 12 and 24 months post surgery. Baseline data were collected in the course of the 3-month postoperative clinical follow-up at the outpatient clinics. Subjects were randomized from two blocks based on surgical technique (circumferential or posterolateral fusion) 1 week after the 3-month clinical follow-up. Investigation was blinded to practitioners within the primary health care sector.
Protocol 1: video group
In a group session at the hospital, the video group participants watched an instructional video tape of exercises intended for the patients' individual home training. As a means of support, a rehabilitation physiotherapist (RPT) orally instructed the patients in the exercises presented on the video. At the close of this introductory meeting of approximately 1.5 h, patients were issued a copy of the video tape for subsequent review at home and consequently, patients were expected to carry out the training independently at home. This regimen represents the hospital's usual rehabilitation approach for lumbar spinal fusion patients.
Protocol 2: cafe´group A cafe´group was provided the same introduction and video tape hand-out as group 1 and additionally, the patients were encouraged to participate in three meetings of approximately 1.5 h each with other fusionoperated patients during an 8-week period. The meetings were set up informally as a back-cafe´with the participation of ten patients and a RPT per meeting to provide an opportunity for exchanging experiences of pain, functional ability, etc.
Protocol 3: training group
A training group was provided individual training therapy in the physiotherapy department of the hospital twice weekly for 8 weeks. Training was based upon individual training programs and was monitored by a RPT to augment the patients' motivation and to gradually increase training intensity via increased repetitions and number of series in each training session. Each training session lasted approximately 1 h and included condition training, dynamic muscular endurance training and stretching exercises. Dynamic muscular endurance training was focused on the back, abdominal and leg groups and was conducted at a rhythmic tempo of seven to ten repetitions followed by short pauses. The training group was encouraged to continue their normal daily activities. They were not specifically encouraged to conduct additional training to the exercise therapy program at the hospital.
Register data
The Danish Health Insurance agency, which registers all contacts within the primary health care sector, collected the register data. The overall observation period was established as November 1996 through August 2002. Primary health care sector is defined as all authorized practitioners not employed by hospitals, in this context, primarily general practitioners (GPs), physiotherapists (PTs), psychiatrists, psychologists, chiropractors, rheumatologists and neurologists.
Outcome
Outcome was measured by the cost of in-hospital rehabilitation regimen minus the cost of contacts in the primary health care sector. The observation period was established from the time of randomization to 24 months postoperatively.
Cost analysis
The health care sector's viewpoint was adapted. Inhospital therapy protocols and logs provided measurement of rehabilitation regimen and monetary value was calculated bottom-up. Each contact to the primary health care sector is uniquely and prospectively registered by the Danish Health Insurance with a code indicating practitioner, type of treatment, date, cost and social security number. This process is illustrated in Fig. 2 .
A prefixed, contractual price index is adapted from the Danish Health Insurance and practitioners' national societies. Cost variations in the course of time are implemented from index regulations every second year. For example, the marginal cost (year 2000) of a consultation at a GP was EUR 12.03
1 . All costs are converted from Danish Crowns (DKK) into Euro (EUR) using the Purchasing Power Parity (PPP) provided by the OECD (Organization for Economic Co-operation and Development) [16, 19] .
Clinical study
Clinical outcome was assessed in terms of functional outcome, pain and satisfaction and has been previously reported by Christensen et al. [3] . Subsets from these data have been merged with register data to form background data. Background data comprises social security number, random code, age, gender, diagnosis, back pain, leg pain, occupational status and patientperceived life quality.
Dropouts
Flow of participants and patient-reported reasons for drop out is illustrated in Fig. 1 . In the course of collecting register data, two subjects had to be excluded as their social security numbers appeared invalid, possibly due to coding error while requesting extracts from the register database. Intention-to-treat analysis was performed (n=88). Further, the impact on conclusions of analysis per protocol (n=79) were investigated by parallel analysis of patient's demands to the primary health care sector.
Calculation and statistical evaluation
Register data were restructured, controlled for logic errors and, by means of the statistical software SPSS, validated statistically into an observation set of date, practitioner/field, type of contact/treatment code, marginal cost and social security number. Observations irrelevant to the investigation at hand (e.g., dental services) were excluded on the basis of a programmed SPSS syntax identifying type of contact derived from practitioner-coding and treatment-coding. Three observation intervals (3-6 months, 7-12 months and 13-24 months) reflecting the regimens of clinical follow-up were introduced. Finally, an observation set was aggregated from contact level (n=4,935) to patient level (n=88) and merged with clinical data keyed by social security number.
Nonparametric statistics of Kruskal Wallis and Mann-Whitney U tests (Wilcoxon) were applied in order to analyze for differences among groups by means of the statistical software SPSS. The 5% two-tailed limit of statistical significance was used for all tests.
The Ethical Committee of Aarhus approved this study on 28 February 1996. Permission for the collection and analysis of register data was granted by the Danish Data Protection Agency on 16 February 2000. Table 1 shows baseline characteristics of the randomization groups. To our surprise, the random variation produced a relatively skewed distribution of females among groups (video 82%, cafe´50% and training 67%).
Results
Incremental costs of providing rehabilitation regimens to 30 patients were calculated; video amounted to EUR 1,585 2 (baseline), cafe´amounted to EUR 2,749 3 and training amounted to EUR 7,355 4 . Table 2 illustrates patients' service utilization in the primary health care sector. A total of 4,932 contacts to the primary health care sector were registered during the follow-up period: 52.6% within the video group, 22.6% within the cafe´group and 24.8% within the training group. A significant difference was evident when Fig. 2 Prospective registration of contacts in the Danish primary health care sector. The universal health insurance requires full registration prior to payment. Price index is negotiated every second year by practitioner's societies comparing the three randomization groups (P=0.023). At intervals of 3-6 months and 7-12 months post surgery, the difference among the groups was highly significant (P=0.001 and P=0.008) whereas the interval of 13-24 months post surgery did not exhibit significant differences among the groups, although the cafe´group demonstrated a tendency to demand less service when compared to both the video and training groups. Table 3 illustrates the effect of dropouts in relation to the analyzed demand presented in Table 2 . The nine subjects (10.2%), who did not comply with protocols accounted for 1,228 contacts (24.8%) to the primary health care sector, which suggests that dropouts are characterized by a heavy demand for therapy and treatment. However, the findings presented in Table 2 persist when conducting per protocol analysis: significantly different patient-demands among groups in the first two intervals of follow-up (P=0.005 and P=0.029) and further, of cumulative follow-up period (P=0.06). Table 4 presents the distribution of the demand within primary health care sector. Comparison of randomization groups did not suggest significant difference (P>0.128) in relation to neither ratio of contact toward fields of specialization within primary health care sector nor with regard to distribution relative to cumulative demand within each interval. Thus, randomization groups presented are aggregated. Patient's demands to GPs accounted for approximately half of all contacts throughout the cumulative period: from 52% of all contacts in the first interval, 47% in the second to 53% in the third. Additionally, demands toward PTs accounted for 44% of contacts in the first interval, 50% in the second and 42% within the third interval of followup. Other contacts, for example, to psychologists, rheumatologists and physiologists, accounted for less than 5% in the cumulative follow-up period. Dropouts were characterized by relatively heavier demand for physiotherapy in all intervals of follow-up. Thus, excluding dropouts influenced distribution among fields of specialization by increasing the proportion of contacts to GPs while decreasing demands to physiotherapy. Table 5 illustrates the total costs of investigated demands to the primary health care sector. The grand total costs are EUR 24,029 for the video group, EUR 11,101 for the cafe´group and EUR 11,537 for the training group. Thus, the attachment of monetary values to number of contacts (Table 1) does not significantly alter the findings and tendencies previously concluded; greater demands are found within the video group both cumulatively (P=0.045) and within the first two intervals of 3-6 months and 7-12 months post surgery (P=0.006 and P=0.018).
The influence of dropouts was analyzed in relation to the grand total of costs. In the video group, significantly different cost profiles were detected when dropouts were compared to compliers. The two patients who were dropouts in the video group (7% of 28 subjects) accounted for a total cost of EUR 9,696 (40% of total video group cost). In the other two groups, the dropouts' cost profile did not differ significantly from the compliers' cost profile. Hence, excluding dropouts affected the overall difference between randomization groups within all intervals of follow-up: the 3-6 months interval was still significant (P=0.026), the interval of 7-12 exhibited a clear tendency (P=0.068), whereas the overall period of follow-up proved not to be significantly different among the groups (P=0.131). Table 6 shows a secondary analysis of cumulative costs per gender, diagnosis and reoperation versus no reoperation. The distribution of total costs per gender demonstrates a possible difference between males and females (P=0.113). Figure 3 shows the distribution of costs per gender within the three groups. It is evident that outliers and extremes are females and that service utilization is indeed characterized by great variation.
Our population suffered three reoperations distributed with one in each intervention group. In the cafeǵ roup one patient had the posterior instrumentation removed and was re-fused by a circumferential approach 420 days after index surgery. In each of the the video and the training groups, one patient had the instrumentation removed and was re-fused by an uninstrumented approach (in the video group 234 days after index surgery and in the training group 608 days after index surgery). From Table 6 , no evident difference in these three patients' service utilization compared to those not suffering reoperation in the follow-up period is seen. According to the present case-mix system implemented in the blinded hospital sector, the 2004 costs of such reoperations would amount to EUR 11,248 (instrumented fusion) and EUR 7,538 (uninstrumented fusion) for the hospital admission and operation alone [21] . An admission for an uninstrumented spinal fusion equals approximately 500 visits to a general practitioner or 350 standard treatments at a physiotherapist [22] .
Conclusively, the findings confirm the introduced hypothesis that both the cafe´and training approaches generate cost savings in the primary health care sector to a level which exceeds the incremental cost of providing these regimens (compared to video). The cafe´approach provided a cost ratio of 4.70 (95% CI 4.64; 4.77) and the training approach provided a cost ratio of 1.70 (95% CI 1.68; 1.72).
Discussion
To the best of our knowledge our previously reported study is the first RCT investigating the effect of different rehabilitation regimens following lumbar spinal fusion [3] . We found that the cafe´approach significantly improves outcome in comparison to training exercise. These findings stand in the light of a relatively simple concept consisting of initial instruction and three meetings with other patients, which raised the question as to whether the more impressive performance is at the expense of increased service utilization in the primary health care sector. In the present study, we found that this superior performance of the cafe´group in no way imposes heavier demands on the primary health care sector. Hence, our findings suggest a significant effect from the incorporation of even a limited behavioral element. This comply with findings in chronic LBP patients treated conservatively [6, 10, 23, 24] . On the other hand, a recent review of 12 RCTs by Guzman et al. [8] concluded the existence of evidence for an intensive multidisciplinary rehabilitation but did not find evidence for a light multidisciplinary approach.
This study was conducted as a cost analysis from a health care sector's viewpoint. The point of reference was a dominant intervention from a hospital's perspective as the cafe´approach demonstrated superior [1996] [1997] [1998] [1999] [2000] [2001] [2002] performance at less expense compared to training. Thus, a cost analysis covering the primary sector seemed a relevant method to investigate patient's extrahospital service utilization [7, 9] . It should be mentioned that, from a socioeconomic point of view, the far greatest impact is caused by loss of health-related life quality and the ability to contribute to production. These cost categories exceed health care costs multiple times [12, 13] . The cost of reoperations and rehospitalizations were not included. This activity, if occurring, does of course represent significant costs to the hospital sector and thus, the true costs of the postoperative regimen might be underestimated. In this particular sample of patients, inclusion of the costs of reoperations would not affect conclusions as the three reoperations occurring were distributed by one in each intervention group.
Randomization and inclusion in this study were blinded to practitioners in the primary health care sector and selection of patients was conducted by a surgeon in agreement with eligibility criteria identical to those implemented in every-day practice. Still, of course neither the physiotherapist performing the therapy or being present at the cafe´meetings nor the patients were blinded. We do however believe this has not biased the findings significantly as neither the physiotherapist nor the patients knew about the cost analysis or the collection of data from the primary health care sector.
Twenty-five patients refused to participate due to known reasons. Of these, four (3.5%) reported postoperative pain as the reason and three (2.6%) objected to the principles of random allocation. The rest (15.7%) reported various reasons regarded as irrelevant to outcome evaluation. It would indeed be of particular interest in a future study to investigate the service utilization of patients who refuse to participate.
A crucial point of the study was the statistically skewed distribution of females among groups although randomly allocated (video 82%, cafe´50% and training 67%). Other studies have found females and males to respond differently to light and intensive multidisciplinary rehabilitation [20] and to rehabilitation in general [18] . In the present study, there was a nonsignificant tendency for the postoperative primary care costs to be lower for men. Further, females are known to visit their GPs more often than males regardless of back disease [11] . The skewed distribution of males and females in each group after randomization (predominance of men in cafe´group) might have contributed to a slight overestimation of the effect of the back cafe´approach; this issue may require further investigation.
Nine patients did not comply with protocols due to known reasons. The dropouts' total demands were within the range of the demand shown by those patients who complied with the protocols of the cafe´and training groups. Interestingly, the dropouts in the video group expressed a significantly greater demand than those complying with the protocol. These subjects represented 10.2% of the randomization group, whereas they accounted for 24.8% of the total demand. However, the conclusion in favor of the cafe´group remained significant despite exclusion of dropouts from our analysis.
Analysis of sensitivity was conducted in order to visualize validity of findings: a 25% under-reporting of the demand to the primary health care sector would, if undifferentiated among the three groups, support these findings. A differentiated under-reporting of 25% in favor of the video approach would return alternative cost ratios of 3.69 (cafe´group) and 1.31 (training group). Questioning the cost estimates of therapy protocols would also have limited effect; a differentiated increase of 25% in favor of the video approach would return cost ratios of 3.37 (cafe´group) and 1.30 (training group). Combining the above worst-case scenarios would return cost ratios of 2.65 (cafe´group) and 1.00 (training group) which obviously still emphasize a highly significant conclusion.
Another evident issue for discussion is the length of follow-up. We have chosen a period reflecting our regimen of clinical follow-up, which is 2 years postsurgery. In accordance with this prerequisite, the differences among the groups seem to decline in the course of a 13-24 months post surgery interval why the period of follow-up seems sufficient.
In our previous study we found the video group to perform worse than the other two groups in relation to function ability [3] . In the present study, we found the video group to hold the greatest service utilization in the primary health sector at the same time. Despite the greatest service utilization, the video group performs worse. Did the video group seek this extra service because they were symtomatically worse off or did any treatment offered not alleviate their symtoms? Should the video group not have received this extra service compared to the other groups, the group might have been even worse off and hence, we might have underestimated the effect of the other regimens.
This study has shown that a low-cost biopsychosocial rehabilitation regimen reduces service utilization in the primary health care sector compared to a training regimen. To our knowledge, this is the first rehabilitation study in LBP, approached surgically, that investigates extra-hospital service utilization in a relevant scientific setting. It would indeed be interesting for future studies to supplement outcome evaluation by such an approach, if not a full-scale cost-effectiveness analysis.
